S1 Appendix.
Inner minimization problem. For solving the inner minimization problem, the dual linear programming is used.
We simplify the inner minimization problem as:
where v represents the value function V π (•, α) during each iteration, and p represents a row of transition matrix P a .
The optimization Eq (1) is a linear, feasible programming. The optimal value can be computed through dual linear programming. Equation (1) can be written as
Due to the standard principle of dual linear programming, we can obtain the dual
where
According to properties of dual transformation, the optimal value for the dual problem is also the optimal value for the original one. So we will describe the method in details to compute the optimal value of the dual linear problem.
Equation (3) is transformed into the following form
In order to maximize Dσ * , λ 1 − λ 2 should have a minimal value of µ1 − v. 
Then, we insert λ 2 = λ 1 − µ1 + v ≥ 0 in Eq (5), and have
It can be seen that λ 1 should be as small as possible while satisfying the inequality constraints.
• If µ1 − v ≤ 0, the optimal λ 1 is 0, we have
Combining the above two cases, we obtain a simplified expression of the maximal
where min{x, y} represents the smaller one between x and y. The dual optimization problem is a convex piecewise linear function with break points v(i), i = 1, . . . , n. It can be seen that the maximal value can be attained at one of the break points.
PLOS

3/40
